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S2
Computational Studies
Residue nomenclature
Amino acids in the transmembrane (TM) domains were assigned index positions to facilitate comparison between GPCRs with different numbers of amino acids, as described by Ballesteros and Weinstein
1 . An index position is in the format X.YY., where X denotes the TM domain in which the residue appears, and YY indicates the position of that residue relative to the most highly conserved residue in that TM domain, which is arbitrarily assigned position 50.
Virtual screening
Virtual screening was performed on a computer with an Intel Core 2 Duo 2.0 GHz processor using the Ubuntu 12.04 operating system with software from Molecular Operating Environment (MOE), version 2011.10 (http://www.chemcomp.com and Autodock Vina 10). Ten scaffold molecules based on GRI977143 (3) were built in MOE and energy minimized with a Merck Molecular Force Field (MMFF94). Each scaffold was then flexibly docked into our LPA2 homology model using Autodock Vina. A docking box was defined based on the overlaid docking pose of LPA 18:1. All other parameters were left in their default values. The bestscoring conformation of each docked molecule was then subjected to energy minimization.
Pharmacophore analysis of the protein-ligand complexes was performed using the protein ligand interaction fit function in MOE. The best conformation of each scaffold was superposed on the GRI977143 docked complex and then scored and ranked based on the root-mean-square deviation (RMSD) value. The scaffold for synthesis was selected by ranking each scaffold's fit with the replacement of this tail group in compound 7a (pink). Compound 5 overlaid on the tail group-modified compound 7a (pink) predicts an almost perfect overlay in the head group region, whereas replacement of the tail group by isoindolyl-1,3-dione causes missing π-π interactions between the tail group and residues W5. 41, F6.44, and W6.48 . This is a plausible explanation for the lack of activation of LPA 2 by compound 7a and also related compound 7b.
S4
Experimental Procedures
Chemistry
General methods: All non-aqueous reactions were performed in oven-dried glassware under an inert atmosphere of dry nitrogen. All the reagents and solvents were purchased from Aldrich (St. Ascend 400 (400 MHz) (Billerica, MA) spectrometer. Chemical shifts are reported in ppm on the δ scale and referenced to the appropriate solvent peak. Mass spectra were collected on a
Brucker ESQUIRE electrospray/ion trap instrument in the positive and negative modes. High resolution mass spectrometer (HRMS) data were acquired on a Waters Xevo G2-S QTOF (Milford, MA) system equipped with an Acquity I-class UPLC system. The purity of all new compounds was determined by using a SUPELCOSIL® 5mm C-18 (Sigma-Aldrich, St. Louis, MO) reverse phase column at ambient temperature on a Waters® 2695 HPLC (Waters Corporation, Milford, MA) system equipped with the 996 photodiode array detector. Isocratic method comprising 5% water (solvent A) and 95% methanol (solvent B) was used and 20 min run time was set at a flow-rate of 1mL/min. Area % purity was detected at 230nm or 300nm.
The Purity of the tested compounds was >95% based on the HPLC analysis.
S5
General Procedure for the synthesis of Compounds 4-7 (GP-1)
To a stirred mixture of 2-sulfamoylbenzoic acid ethyl ester 16 (1 equiv) and anhydrous K 2 CO 3 (5 equiv) in dry DMF was added 2-(bromoalkyl)benzo [de] isoquinoline-1,3-dione (15a-c) (3 equiv). The reaction mixture was refluxed for 16 h, cooled to room temperature and poured into the crushed ice. The resulted solution was acidified 37 % HCl to a pH of 1 and extracted with chloroform. The organic layer was washed with water, dried over anhydrous Na 2 SO 4 and concentrated under vacuum to get the crude product. The crude residue was purified by flash column chromatography using MeOH-CHCl 3 (20:80) to obtain the desired product.
2-(N-(3-(1,3-Dioxo-1H-benzo[de]isoquinolin-2(3H)-yl)propyl)sulfamoyl)benzoic acid (4)
The title compound was prepared according to GP-1 using 2-sulfamoylbenzoic acid ethyl ester 00, 163.37, 136.22, 134.28, 131.76, 131.28, 130.70, 130.54, 127.38, 127.19, 127.04, 122.06, 41.14, 40.11, 27.92 . 
MS (ES -
)
13
C NMR (400 MHz, DMSO-d 6 ) δ 167. 00, 163.37, 136.20, 134.28, 131.68, 131.27, 130.73, 130.54, 127.35, 127.20, 126.98, 122.01, 42.74, 40.11, 26.77, 25. 
2-(N-(5-(1,3-Dioxo-1H-benzo[de]isoquinolin-2(3H)-yl)pentyl)sulfamoyl)benzoic acid (6)
The title compound was prepared according to GP-1 using compound 16 (0.100 g, 0.436 mmol), 
13
C NMR (400 MHz, DMSO-d 6 ) δ 170. 00, 163.34, 136.25, 134.26, 131.74, 131.28, 130.70, 130.51, 127.35, 127.20, 127.06, 122.06, 42.84, 40.11, 28.77, 27 .10, 
MS (ES -
2-(N-(4-(1,3-Dioxoisoindolin-2-yl)butyl)sulfamoyl)benzoic acid (7a)
The title compound was prepared according to GP-1 using compound 16 (0.100 g, 0.436 mmol), K 2 CO 3 (0.301 g, 2.181 mmol) and 2-(3-bromobutyl)isoindole-1,3-dione (17) 
2-(N-(4-(2,3-Dioxoindolin-1-yl)butyl)sulfamoyl)benzoic acid (7b)
The title compound was prepared according to GP-1 using compound 16 (0.100 g, 0.436 mmol), 12, 169.29, 158.00, 150.62, 142.42, 138.22, 136.09, 131.63, 130.49, 126.84, 124.36, 123.02, 117.43, 110.70, 42.40, 38.86, 26.38, 24.14 
5-Bromo-2-(N-(4-(1,3-dioxo-1H-benzo[de]isoquinolin-2(3H)-yl)butyl)sulfamoyl)benzoic acid (8c)
The title compound was prepared according to GP-2 using 5- 163.25, 158.30, 138.50, 136.70, 134.35, 133.17, 132.40, 130.75, 128.13, 127.00, 126.05, 125.12, 123.53, 42.37, 40.10, 25.14, 24. 
2-(N-(4-(1,3-Dioxo-1H-benzo[de]isoquinolin-2(3H)-yl)butyl)sulfamoyl)terephthalic acid (10)
A suspension of 9 (0.050 g, 0.104 mmol) and aqueous 1N NaOH (3 mL) was stirred at room temperature for 10 min. To this suspension, ethanol (2 mL) was added until the solution became clear. Stirring was continued for 2h until starting material was disappeared. The solution was poured into ice-water and acidified with 37 % HCl to a pH of 1. The resulted mass was extracted S11 with ethylacetate, the organic layer was washed with water, dried over anhydrous Na 2 SO 4 and concentrated under vacuum to get the crude product. The crude residue was triturated using EtOAc-Hexane-DCM to afford compound 10 (0.029 g, 55 % 163.57, 162.00, 137.57, 135.14, 134.10, 132.35, 131.12, 130.28, 128.32, 127.30, 126.39, 125.42, 42.17, 40.11, 25.18, 24.15 
General Procedure for the synthesis of Compound 12a-e (GP-3)
Methyl-2(or 3 or 4)-(chlorosulfonyl)benzoate/ methyl 5-substituted-2-(chlorosulfonyl)benzoate (23a-e) (1.5 equiv) was added to a stirred solution of N-butylamino-1,8-naphthalimide (22) (1 equiv) and triethylamine (3 equiv) in dry tetrahydrofuran. The reaction mixture was refluxed for 4 h. After cooling to room temperature the precipitate (triethylamine hydrochloride) was filtered off and the clear solution was evaporated under reduced pressure to give yellow oily residue.
The crude product was purified by flash column chromatography using ethyl acetate:hexane (30:70) to yield the title compounds in good yield.
Methyl 2-(N-(4-(1,3-dioxo-1H-benzo[de]isoquinolin-2(3H)-yl)butyl)sulfamoyl)benzoate (12a)
The title compound was prepared according to GP-3 using methyl-2-(chlorosulfonyl)benzoate (23a) (0.275 g, 1.174 mmol), compound 22 (0.210 g, 0.783 mmol) and triethylamine (0.238 g, 2.348 mmol). The crude product was purified by flash column chromatography using ethyl acetate:hexane (70:30) to obtain 12a as white solid (0.310 g, 85 % 98, 164.01, 139.18, 134.39, 132.19, 131.53, 131.13, 130.67, 129.74, 127.98, 126.88, 122.42, 53.35, 43.35, 39.55, 27.13, 25.40 . MS (ES +) m/z 489 (M+Na) + .
Methyl 3-(N-(4-(1,3-dioxo-1H-benzo[de]isoquinolin-2(3H)-yl)butyl)sulfamoyl)benzoate (12b)
The title compound was prepared according to GP-3 using methyl-3-(chlorosulfonyl)benzoate (23b 51, 164.27, 140.86, 134.15, 133.42, 131.60, 131.41, 131.32, 129.35, 128.16, 127.00, 122.47, 52.56, 42.77, 39.27, 26.69, 25.01 . MS (ES +) m/z 489 (M+Na) + .
Methyl 4-(N-(4-(1,3-dioxo-1H-benzo[de]isoquinolin-2(3H)-yl)butyl)sulfamoyl)benzoate (12c)
The title compound was prepared according to GP-3 using methyl-4-(chlorosulfonyl)benzoate (23c 165.66, 164.27, 144.13, 134.15, 133.70, 131.50, 131.40, 130.33, 128.13, 127.09, 126.99, 122.44, 52.61, 42.75, 39.20, 26.63, 24.95 68, 164.08, 162.80, 135.56, 134.02, 132.94, 132.57, 131.55, 131.20, 130.87, 128.05, 126.93, 122.48, 118.25, 53.63, 43.36, 39.56, 27.11, 25.90 
Methyl5-chloro-2-(N-(4-(1,3-dioxo-1H-benzo[de]isoquinolin-2(3H)-yl)butyl)sulfamoyl)benzoate (12e)
The title compound was prepared similar to GP-3 using methyl 5-chloro-2-(chlorosulfonyl)benzoate (23e) 76, 164.10, 138.66, 137.85, 134.01, 131.90, 131.56, 131.48, 131.30, 131.22, 130.86, 128.08, 126.94, 122.50, 53.64, 43.35, 39.55, 27.13, 25.23 
General Procedure for the synthesis of Compound 11a-b (GP-4)
LiOH (5 equiv) was added to a stirred solution of compound (12b-c) (1 equiv) in THF-H 2 O mixture (1:1 ratio). The reaction mixture was heated at reflux overnight, cooled to room temperature, acidified with citric acid to pH 2 and extracted with ethyl acetate. The organic layer was washed with water, dried over anhydrous Na 2 SO 4 and concentrated under vacuum to get crude product. The crude residue was evaporated with dichloromethane to obtain white solid in moderate yield.
3-(N-(4-(1,3-Dioxo-1H-benzo[de]isoquinolin-2(3H)-yl)butyl)sulfamoyl)benzoic acid (11a)
The title compound was prepared according to GP-4 using compound 12b (0.270 g, 0.579 mmol) 08, 163.40, 140.99, 134.31, 133.72, 131.28, 130.74, S15 130.23, 129.64, 127.35, 127.21, 127.04, 122.00, 42.31, 40.11, 26.62, 24.86 143.96, 134.32, 131.28, 130.73, 130.02, 127.35, 127.21, 126.59, 122.01, 42.31, 40.11, 26.62, 24.86 
General Procedure for the synthesis of Compound 11c-d (GP-5)
To a solution of compound 12d-e (1 equiv) in dry DMF was added anhydrous K 2 CO 3 (3 equiv).
The mixture was refluxed for 4 h, cooled to room temperature and poured into the crushed ice.
The resulted solution was acidified using saturated citric acid to a pH of 4 and extracted with ethylacetate. The organic layer was washed with water, dried over anhydrous Na 2 SO 4 and concentrated under vacuum to get the crude product. The crude residue was purified by flash column chromatography using MeOH-CHCl 3 (20:80) to afford the final compound 11c-d. 
